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hardware platforms while the private functions may be commodity servers and cloud services , the constant renewal 
different for different persistent storage types . Thus the use or agitation of the DAG may result in higher CPU utilization 
of a transaction , the public function and / or the private and a reduction in Input - Output Operations Per Second 
function may allow the system to maintain consistency ( IOPS ) . Also , the different types of persistent storage may 
between the changes to the DAG in the object store ( e.g. , 5 experience varying rates of wear . For example , the MTBF 
changes to the objects represented in the object store ) and may increase for SSD drives due to constant changes to the 
the transactions stored in the persistent storage as a result of same region in the SSD . 
the I / O operation . The system according to an example described below may 

For example , the system may access the private function be used on commodity servers and cloud services by 
optimized for a type of persistent storage to store or retrieve 10 abstracting the I / O operation in a public function encoding 
the transaction . For example , assume the persistent storage the transaction irrespective of the system specification and a 
available for storing the transaction is an SSD . In SSD's , the private function storing the transaction according the type of 
mean time between failures may be increased by reducing the persistent storage . The private function may persist the 
write amplification . Write amplification in an SSD may transaction to the persistent storage irrespective of the 
increase when a region with a prior transaction is overwrit- 15 persistent storage type using device drivers optimized for the 
ten to replace the prior transaction with another transaction storage type . 
in the same region . In an example , the system may use a Another technical problem with a peer - to - peer storage 
log - based data structure for persisting the transaction to an system is maintaining ACID consistency for I / O operations 
SSD . The log - based data structure may minimize write across different system hardware used for storing data in the 
amplification . For example , the system may commit trans- 20 storage and across different persistent storage types . Also , 
actions to the persistent storage in a series of logs stored in the consistency between the representation of objects in the 
contiguous memory reserved for storing the transaction or object store and the transactions stored in the persistent 
parts of the transaction . A log entry in the series of logs may storage . 
reflect the changes between the current transaction and the The system according to an example described below may 
previously stored transaction on the persistent storage . Thus , 25 discard all changes or persist all changes in a transaction to 
the life of the SSD ( i.e. , the mean time between failure ) may maintain the ACID consistency of the 1 / O operation . Also , 
be increased by using the log data structure for SSDs . the system may maintain the order of transactions using an 

In another example , assume the persistent storage avail- immutable record . 
able is NVRAM . In NVRAM storage , the transaction may FIG . 1 shows an example of a system 100 , according to 
be byte addressable . Therefore in an NVRAM , the transac- 30 an example of the present disclosure . The system 100 may 
tion present may be replaced at a byte level with no include a processor 102 and a memory 104. The memory 
additional movement of bytes adjacent to the transaction or 104 may be a non - transitory computer - readable medium . 
minimal additional bytes moved . Ther ore , the NVRAM The system 100 may include machine readable instructions 
storage may not experience increased mean time between 106 stored on the non - transitory computer - readable medium 
failures ( MTBF ) when compared to the SSD's when replac- 35 executable by the processor 102 cause the system 100 to 
ing stored data in - situ . Therefore , the system may commit perform the functions described in detail below . 
the transactions to overwrite the previously stored transac- In an example , the system 100 may implement an object 
tions directly ( i.e. , make changes at a byte level ) in the case store on a peer - to - peer network of nodes , and each node in 
of NVRAM . However , it may be beneficial to enhance the the network of nodes may include a local persistent storage 
responsiveness of the object store incorporating NVRAM by 40 for storing objects of the object store . An object may include 
using a temporary staging area ( e.g. , an internal buffer ) on data and / or metadata . The object store may be a virtual layer 
the NVRAM to store the transaction temporarily before storing and maintaining objects . Each network node may be 
overwriting the prior transaction in the NVRAM . The sys- implemented on servers , specialized hardware , a hybrid of 
tem may thus use a data structure that stores the transactions servers and / or specialized hardware . The local persistent 
directly on the NVRAM and update the prior transaction 45 storage may store objects of the object store . The system 100 
stored on the object store . may use an object store to store objects on the local 

Also , in another example , to store the transaction in an persistent memory . In examples , the object store may be 
SSD , the system may use a temporary buffer external to the based on a globally unique signature , or a name generated 
SSD to collect one or more transactions before persisting the using a cryptographic function ( e.g. , a hashing function . For 
transaction to the SSD . The system may for example , collect 50 example , creating a new object creates a unique identifier for 
transactions until the buffer becomes full and can no longer the new object according to the cryptographic function . 
store another transaction or until a timeout occurs . In an Modifying an existing object on the object store may create 
example , using the timeout may allow the system to a modified object stored with a new identifier alongside or 
acknowledge storage of the transactions in persistent storage instead of the existing object . The objects of the object store 
periodically when there are no further transactions available 55 may be stored in the local persistent memory of a node in the 
to pack the buffer size . Thus the system may optimize the case of a federated network of peer - to - peer nodes . In another 
storage of the objects in persistent storage based on the type example , the objects of the object store may be stored on a 
of storage . persistent storage of a computer such as a server , a work 
A technical problem with a peer - to - peer storage system is station , a laptop computer , a network storage device or the 

difficulty with consistent performance across different sys- 60 like . 
tem hardware used for storage and across different persistent In an example , the object store may be a DAG . A DAG 
storage types . In an example , the system specification for may consist of objects that exhibit a hierarchal relationship 
storage systems may be commodity servers or cloud ser- from a root object to a child object . The DAG may include 
vices . The I / O operation storing the first object may affect many vertices ( objects ) and edges ( pointers to objects ) , with 
the other objects as described above . In an example , the 65 each edge directed from one vertex to another such that 
objects in the DAG may be changed all the way to the root starting at any random vertex and following a consistently 
object due to change as a result of the I / O operation . In directed sequence of edges does not eventually loop back to 
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the random vertex again . Also , the DAG may include a an object record of the first object , changes to the object 
topological ordering such as a sequence of vertices where index of the object store , changes to the intent entries and the 
every edge is directed from an earlier vertex to later vertex like . In another example , the linked list of changes may point 
in the sequence . In an example , the DAG may be a block- to a location in a DAG where the affected objects are located 
chain storage . The blocks in the blockchain may be the 5 in hierarchy in the object store . For example , updates in the 
vertices , and the edges may be pointers to other objects . In linked list of updates may represent changes to objects at a 
an example , an edge may point to the last block of the hierarchical distance from the root object and at an offset 
blockchain or may be abandoned objects in the blockchain from an initial object located at the hierarchical distance . 
such as forks . In an example , the object store may be a DAG Thus , the linked list of updates may show the changes 
with a root object that includes the signature of a child 10 between a prior object record of the first object and an 
object , the child object in turn including the signature of its updated object index of the first object in the object store 
child object and so on ending in a leaf object ( an object with prior to the I / O operation . 
no child object ) . The object store may thus have a hierar- In an example , the system 100 may encode or determine 
chical structure where the topological ordering is directed the transaction in such a way that the transaction including 
from the root object to the farthest child object in the 15 the linked list of updates maintains an ACID consistency 
sequence . between the representation of objects in the object store and 
The system 100 may include the machine - readable the transaction stored in the persistent storage . In an 

instructions 106 executable by the processor 102. The example , the ACID consistency of objects represented in the 
machine - readable instructions 106 may include the instruc- object store may mean Atomicity , Consistency , Isolation and 
tions 108 to receive an I / O operation . In an example , the 20 Durability . Atomicity may mean , either all changes in a 
object store may receive an I / O operation from a virtual transaction are applied to a persistent storage or none of the 
machine running on a layer above the object store . The changes in the transaction are applied to the persistent 
object store may be an opaque store that represents objects storage . Also , Atomicity may indicate the changes in the 
stored on a node . The system 100 may store objects on a object store to accommodate the first object are all rejected 
local persistent storage in a node . 25 or applied when the transaction is stored in the persistent 

In an example , the system 100 may determine the I / O storage . For example , the system 100 may write apply 
operation stores a new object ( e.g. , the first object ) , modifies changes to both the object storage and the persistent storage 
an existing object ( e.g. , the first object ) or deletes an existing or not make both changes . In the case of power failures , 
object ( e.g. , the first object ) in the system . The system 100 partial transactions may be reversed before the transactions 
may use a volume manager to store a first object that may be 30 are applied again . Consistently may mean that contents of 
affected by the I / O operation in a persistent storage . The affected data structures remain valid from one transaction to 
volume manager may store the first object in a persistent the next transaction . Isolation may mean that each transac 
storage . However , the representation of the first object in the tion is a self - contained set of changes to similar objects 
object store requires additional changes to objects in the represented in the object store and the corresponding trans 
object store . 35 action stored in the persistent storage . Also , isolation may 

The machine - readable instructions 106 may include mean multiple transactions may be persisted to the persistent 
instructions 110 to determine objects represented in the storage concurrently in isolation from one another . For 
object store affected as a result of storing the first object . In example , the same object may be affected by one or more 
an object store , accommodating an object in the DAG may transactions in an I / O operation . The order of transactions 
change other objects in the object store . An object store may 40 may be important in some instances while the order of 
include metadata objects documenting the DAG and data transactions may not be important in other instances . 
objects . Accommodating the new object ( e.g. , the first For example , concurrent updates to a first object record of 
object ) in the object store may change metadata objects a first object and a second object record of a second object 
associated with the new object ( e.g. , the first object ) in the may not be affected by the order in which these changes are 
object storage . For example , the new object ( e.g. , the first 45 persisted to the object store . In this example , the transactions 
object ) when represented in the object store may result in an may be isolated , and may therefore be processed concur 
object record for the new object ( e.g. , the first object ) in an rently . However , concurrent updates from a first I / O opera 
object index . In another example , a request to store an object tion and a second , I / O operation or a first transaction of the 
( e.g. , the first object ) already stored in the object store may first I / O operation and a second transaction of the first I / O 
change the object record for the already stored object . 50 operation to the first object may be affected by the order in 

For example , to determine the linked list of updates , the which the transactions are persisted and the corresponding 
volume manager may return an address where the first object changes made to the object store to accommodate the 
is stored . The object store may record the address in an changes to the first object . For example , the first object's 
object record associated with the first object . Also , the object object record may be updated by the first transaction and the 
store may update the object index with the object record , the 55 second transaction . The system may process the first trans 
intent entries and the like . Thus , the act of representing the action and the second transaction to persist the transactions 
first object in the object record leads to a cascading set of to the persistent storage in the order in which the transaction 
changes in the object record . The instructions 112 may thus or operation is received . In an example , the system may 
determine objects represented in the object store affected by generate a mutable entry in the object store to ensure the 
storing the first object . 60 transactions are persisted in the right order to the persistent 

In an example , the system 100 may include instructions storage where a different order of the transactions may result 
112 to determine or encode a transaction containing a linked in a different DAG in the object store inconsistent with the 
list of updates as a result of the I / O operation . The instruc- transaction stored in the persistent storage . For example , the 
tions 110 may determine or encode the transaction to include object record may have an immutable entry locking changes 
the changes to the objects represented in the object store as 65 to the object record until the first transaction is persisted to 
a result of accommodating the first object in the DAG . In an the persistent storage . Thus , the system may determine the 
example , the linked list of changes may include changes to order of the transaction and the prior transaction to persist 
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the transactions to the persistent storage in the right order to may include direct byte addressed storage . In an example , 
maintain ACID consistency . Durability may mean that once the system may store changes that correspond to a type of 
the transaction is persisted , the operation is guaranteed to be object represented in the object store in a region in the 
persisted on the persistent storage following a power failure persistent storage . For example , the part of the transaction 
or failure of hardware or software resulting in an exception 5 indicating changes to an object record may be stored in a 
( e.g. , a crash of the software ) . region storing object records on the NVRAM . In an 
The machine - readable instructions 106 may include example , the instructions 116 may use a portion of the 

instructions 114 to determine a persistent storage for storing NVRAM as a temporary staging area and acknowledge the 
the linked list of updates . In an example , the persistent I / O . The system 100 may then determine the persistent 
storage may be determined based on space available in a 10 storage regions that correspond to linked list of updates in 
persistent storage array , current usage of the input / output the transaction . The private function such as device driver 
interface to the persistent storage , how quickly the I / O for the NVRAM may then persist changes to the linked list 
request should be acknowledged to the layer on top of the of objects to the corresponding objects in the NVRAM . 
object store ( e.g. , a virtual machine ) , and the like . In an example , the system 100 may acknowledge the I / O 

The machine - readable instructions 106 may include 15 after the transaction is saved in the persistent storage . Thus , 
instructions 116 to determine a type of the persistent storage . the system 100 may persist the transaction in the persistent 
The system 100 may use the type of storage to determine the storage using a data structure optimized for the type of 
data structure that causes less wear ( or in some implemen- persistent storage . In case of failure to persist and the I / O is 
tations , the least wear ) for the type of the persistent storage lost ( e.g. , power failure on a RAM - based system configu 
and / or improve the IOPS of the persistent storage . In an 20 ration for the object store ) , the system 100 may receive the 
example , the persistent storage may be an SSD . For I / O again from the virtual layer above the object stores after 
example , the SSD may have a lower life expectancy if it is the I / O times out or is not acknowledged by the system 100 . 
subject to write amplification . For example , the system 100 may prevent a mismatch 

In another example , the persistent storage may be an between the representation of objects in the object store and 
NVRAM storage . The system 100 may directly overwrite 25 the linked list of updates stored on the persistent storage . 
the regions in the NVRAM unlike SSD because NVRAM The system 100 may maintain ACID consistency when 
storage is byte addressable . In an example , the system 100 persisting transactions , by determining whether a prior 
may use a portion of the NVRAM storage as an internal transaction affects a current transaction . For example , a part 
buffer to temporarily store the linked list of objects to of the prior transaction ( e.g. , an update to an object record 
acknowledge the I / O operations quicker . Thus , the system 30 of the first object ) may affect a part of the current transaction 
100 may determine the type of persistent storage to identify ( e.g. , another update to an object record of the first object ) . 
an appropriate private driver based on the type of persistent In an example , the system 100 may use an immutable entry 
storage . in the object index indicate the first transaction associated 
The instructions 106 may include instructions 118 to with the first object should be stored first and the DAG 

persist each update in the transaction to the persistent 35 updates in the object store before the second transaction is 
storage according to a data structure determined by the type processed . The system 100 may use the immutable entry to 
of the persistent storage . The instructions 118 may decode determine the parts of a transaction that may not be persisted 
the transaction to determine the updates to regions in the until the first transaction associated with the first object is 
persistent storage . In an example , decode the transaction persisted . In an example , the system 100 may prioritize 
may mean determine the objects represented in the object 40 persisting the immutable entry ( i.e. , an indication of the 
store that are updated by the transaction . For example , the linked list of changes associated with the first object having 
transaction may include updates to the object record , the priority over another linked list of changes ) and persist the 
object index , the intent logs and the like . The instructions immutable entry as soon as the transaction associated with 
118 may decode the transaction to determine an update to an the first object is determined irrespective of the type of 
object represented in the object store and the corresponding 45 persistent storage . 
change in the persistent storage . The system 100 may , based on the determination that the 

In an example , assume the persistent storage is an SSD . prior transaction affects the current transaction , determine a 
The instructions 116 may use a data structure ( e.g. , a sequence of the prior transaction and the current transaction . 
log - based file system ) for the SSD that may reduce write The system 100 may persist the transactions based on the 
amplification . For example , the instructions 116 may use a 50 determined sequence of transactions . For example , the sys 
log that may store the difference between a prior transaction tem 100 may process the transactions in the order the 
and the current transaction in a log . In an example , the transactions were received , i.e. , the prior transaction and the 
instructions 116 may persist the log in a contiguous space in current transaction . In another example , the system 100 may 
the SSD to avoid write amplification . In an example , to persist the transaction in an order that may prevent an 
avoid write amplification in an SSD , the instructions 116 55 exception . For example , the prior transaction may move an 
may use an external buffer to collect one or more transac- object created in a later transaction . The system 100 may 
tions to minimize the number of writes to the SSD . In an process the later transaction before the prior transaction to 
example , the buffer may be of a specific size ( e.g. , 4 kibibyte avoid the exception . 
( KiB ) , 8 KiB , 64 KiB blocks ) . The system 100 may include instructions to decode the 

In an example , the log containing one or more transac- 60 transaction and determine whether the prior transaction 
tions collected in the buffer may be persisted after a timeout affects the current transaction as discussed above . Based on 
( e.g. 8 microseconds , 16 microseconds , 32 microseconds , the determination that the prior transaction affects the cur 
and the like ) to provide an acknowledgment of the I / O rent transaction , the system 100 may delay persisting the 
operation to the layer above the object store ( e.g. , a layer of current transaction until the prior transaction is persisted . In 
virtual machines ) . 65 an example , the system 100 may use an external buffer as 

In another example , the persistent storage may be an discussed above for an SSD to delay the current transaction 
NVRAM storage . Examples of data structures for NVRAM until the current transaction is persisted . In another example , 
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the system 100 may use a portion of the persistent storage as system 100 may then determine the corresponding regions in 
discussed above for an NVRAM storage to delay a trans- the persistent storage 210 ( e.g. NVRAM ) that correspond to 
action in an internal buffer . The system 100 may thus avoid the updates in the linked list of updates in the staging area 
transient changes from each transaction that may repeatedly ( e.g. , buffer 212 ) . For example , the region A 302 in the 
percolate to the root object resulting in an increase in the 5 persistent storage 210 may store the object record of the first 
input / output operations per second IOPS for the object store . object ; the region B 304 may store the changes to the storage 

Referring to FIG . 2 , the figure illustrates an example of allocation and the like . The system 100 may then modify the 
storing a transaction ( e.g. , a linked list of objects ) in per- region A 302 based on the linked list of changes in the 
sistent storage based on the type of the persistent storage 210 staging area 212. In another example , the system 100 may 
( e.g. , an SSD ) . In an example , the system 100 may deter- 10 store the changes to the object record of the first object next 
mine a linked list of updates ( shown as region A 202 , region to the previous changes to the object record of the first 
B 204 and region C 206 ) that may reflect changes to objects object , i.e. , region A 302. Similarly , the system 100 may then 
in the object store that may be affected by storing the first modify the region B 304 ( e.g. , the region storing changes to 
object in the persistent storage and accommodating the first the storage allocation ) . Thus the system 100 may persist the 
object in the DAG . The system 100 may encode a transac- 15 transaction 214 to the persistent storage 210 ( e.g. , NVRAM ) 
tion 214 that includes the linked list of changes to the object based on the data structure that may be optimized to the 
store as a result of storing the first object . For example , the persistent storage 210 . 
transaction 214 may include the linked list of updates to FIG . 4 depicts an example of the system 100 implemented 
objects represented in the object store shown in FIG . 2 as the as a federated system of nodes . The nodes 404 shown as 
region A , region B and region C. In an example , region A 20 404A - E may interact through a network 402. The network 
may refer to the changes to the object record of the first 402 may be any network such as a local area network , a wide 
object , region B may refer to the changes to the storage area network and the like . In an example , the network may 
allocation and the like . be a wireless network such as a microwave link , a satellite 

In an example , the system 100 may use a log or journal link , a cellular link , a laser link , a fiber optic network , and 
data structure for storing transactions on an SSD . In an 25 the like . In an example , the nodes may be collocated within 
example , the system 100 may package one or more trans- the same facility . In other examples , the nodes may be 
actions in a buffer 212 of a fixed size ( e.g. , 4 KiB , 8 KiB , 64 located in distinct geographical locations . The nodes 404 
KiB ) . In an example , the buffer 212 may be a non - volatile may include controllers 418 shown as 418E and 418D , a 
memory that may survive a power failure or an exception processor and machine - readable instructions as described 
( e.g. , a software or hardware crash ) . The system 100 may 30 above with reference to FIG . 1. In an example , a controller 
determine a log containing one or more transactions in the may be implemented as a virtual controller , a hardware 
buffer 212. The log may document changes between a prior controller or a hybrid . The nodes 404A , 404B , 404C , 404D 
transaction stored in the SSD and the one or more nsac- and 404E may each include an object store . The object stores 
tions in the buffer 212. The system 100 may then persist the may synchronize objects between the object stores based on 
log to the persistent storage 210. In an example , the persis- 35 policy . 
tent storage 210 may include the logs 0 , 1 , 2 to n as shown The controllers 418 may manage and maintain the object 
in FIG . 2 . store . A node , such as node 404D , may receive an I / O 

In an example , the buffer 212 may be full when an request . The I / O request may affect a first object represented 
additional transaction may no longer be stored in the buffer on the object store . For example , the I / O may store a new 
212. The system 100 may commit the log , i.e. , the buffer 212 40 object , modify an existing object or delete an existing object 
with one or more transactions to the persistent storage as a in the persistent storage and change the DAG of the object 
journal log stored on the SSD 210 when the 4 KiB buffer is store . The controller 418D may determine a linked list of 
full . In an example , the system 100 may store the log in a updates to objects represented in the object store affected by 
contiguous space on the SSD . In another example , the the 1/0 operation . In an example , storing the new object 
system 100 may commit or persist the 4 KiB buffer with 45 ( e.g. , the first object ) may create an object record for the new 
changes to the persistent storage 210 after a timeout . In an object in the object index . In another example , an I / O request 
example , the buffer timer may be set to 800 uS . Although may affect the representation of an object ( e.g. , the first 
described using 4 KiB buffer sizes above and a buffer time object ) already stored in the object store . The I / O request 
out of 800 us , different buffer sizes and buffer timeouts may may request storage of an object already represented in the 
be used in different examples . 50 object store . The controller 418D may determine the object 

Referring to FIG . 3 , the figure illustrates an example of record of the already existing object ( e.g. , the first object ) 
storing a transaction ( e.g. , a linked list of objects ) in per- and may change i the object record by updating a reference 
sistent storage based on the type of the persistent storage 210 count of the first object . Thus , the controller 418D may 
( e.g. , an NVRAM ) . In an example , the system 100 may determine a linked list of objects that may be affected by the 
determine a linked list of updates ( shown as region A 202 , 55 1/0 operation . The controller 418D may include a public 
region B 204 and region C 206 ) that may be affected by interface available to a layer above the object store located 
storing the first object in the persistent storage . The system on the node 404D such as a virtual machine layer . In an 
100 may encode a transaction 214 that includes the linked example , the system 100 may choose a node such as node 
list of updates affected by storing the first object . For 404D may be chosen to store an object . 
example , the transaction 214 may include the linked list of 60 The controller 418D may store the first object ( due to the 
updates to objects represented in the object store shown in I / O operation ) in the persistent storage 210 on the node 
FIG . 2 as the region A , region B and region C. In an 404D . The controller 418D may generate a transaction 214 
example , region A may refer to the object record of the first that includes the linked list of updates that documents 
object , region B may refer to the object index and the like . changes to objects in the object store affected by storing the 

In an example , the system 100 may use a staging area ( e.g. 65 first object in the persistent storage and changing the DAG 
buffer 212 ) to store a transaction . The staging area may be to accommodate the first object in the object store . For 
considered as an internal buffer as shown in the Figure . The example , the transaction may encapsulate changes to the 
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object store as a result of storing the first object . In an processor 102 executing the machine - readable instructions 
example , the updates may indicate changes to objects rep- stored on a non - transitory computer - readable medium . 
resented in the object store . In an example , the locations At 504 , the system 100 may receive an I / O operation . The 
where the updates are stored in the persistent store 210 may 1/0 operation may store or modify the first object repre 
not be included in the transaction 214. The region 417 for 5 sented in the object store . For example , the system 100 may 
example , may correspond to the regions A , region B and receive the I / O operation from a virtual machine layer above 
region C as discussed with reference to FIG . 2 and FIG . 3 . the object store that affects the first object represented in the 
The controller 418D may encapsulate changes to objects object store . The object store may be a virtual layer that 
represented in the object store using a public function manages objects stored in persistent storage 210 located on 
accessible from a virtualization layer above the object store . 10 a local node as shown above with reference to FIG . 4. The 
For example , the entry [ 0 ] of the region 417 may refer to the I / O operation may save the first object in the persistent 
object record of the first object . The node 404D may include storage 210. In examples , the first object may be a new 
a private layer that may include specific drivers ( e.g. driver object , a modification of an existing object or may indicate 
422 ) that may then decode the transaction and persist the an existing object being deleted . For example , deleting an 
transaction to the persistent storage based on the type of 15 existing object may indicate dereferencing the first object in 
persistent storage . In an example , the driver 422 for persis- the object record of the first object . For example , if the first 
tent storage on node 404D may determine a data structure object is already present in the persistent storage 210 , the 
( e.g. , log or replace ) for persisting the transaction to the system 100 may increase the reference count of the object in 
persistent storage on node 404D . For example , assume the its object record instead of storing the object . If the I / O 
type of storage is SSD . The driver may decode the transac- 20 operation deletes the first object , the system 100 may 
tion encoded in the public space to determine a data structure decrement the reference count of the first object by one . In 
suitable for an SSD 215. In an example , the data structure an example , thus saving the first object may also indicate 
( e.g. , log or replace ) chosen by the controller 418D for the deleting the first object by decrementing the first object's 
SSD 215 type storage may be a journal or log data structure . reference count . If the reference count of the first object is 
In example , the controller 418D may package one or more 25 zero after decrementing the object may no longer be stored 
transactions ( not shown in the figure ) to generate a log of in the persistent storage and may be garbage collected and 
changes between the linked list of objects stored in the SSD deleted by the system 100. The system 100 may thus store 
215. The controller 418D may store a log of changes the first object received in the I / O operation using the 
between the linked list of objects in the transactions and volume manager in persistent storage . The volume manager 
objects in the persistent storage in a buffer 212 ( shown in 30 may return the address where the object is stored . 
FIG . 2 ) before persisting the log of changes on the SSD . The At 506 , the system may determine a linked list of updates 
log may as describe above with reference to FIG . 2 record ( i.e. , to objects represented in the object store affected by the 
changes from the objects previously stored in the object I / O operation ( i.e. , storing the first object ) . For example , 
store . In an example , the log may record changes between storing the first object may change the object record asso 
prior logs or between a log and another transaction . The 35 ciated with the first object . The object record may be stored 
controller 418D may then persist the log to the persistent in an object index and thus changing the object record 
storage in an address range reserved for a chain of logs associated with the first object may change the object index . 
detailing changes . In another example , the I / O operation from the virtual 

In examples , the node 404E may have a persistent storage machine may store the first object , that was already repre 
210 of the type NVRAM 315. The controller 418E may store 40 sented in the object store . The system 100 may determine a 
one or more transactions in a staging area 212 before reference count update to the object record for the first 
determining the address where the updates to objects rep- object . In another example , the objects in the linked list of 
resented in the object store are stored in the NVRAM 315 updates may point to changes in the hierarchical distance of 
type storage as discussed above with reference to FIG . 3 . the each of the object from a root object and an offset of the 
The controller 418E may then store the linked list of updates 45 affected object at the hierarchical level . In an example , the 
by replacing the updates already stored in the persistent offset may be the offset from a starting object at the 
storage 210 with the new updates . hierarchical distance to the affected object . 

In an example , the system 100 may include a mixture of At 508 , the system 100 may transcode the I / O operation 
persistent storage on different nodes . In another example , the into a transaction that includes the linked list of updates to 
system 100 may include a mixture of persistent storage on 50 the affected objects represented in the object store . In an 
the same node . In an example , the system 100 described example , transcode may mean determining the changes to 
above may maintain consistency between the nodes storing the DAG as a result of storing the first object and encapsu 
the data . For example , the order of persisting transactions lating them in a transaction 214. For example , the system 
may be important . The system 100 may allow more than one 100 may determine the changes to the object record , the 
node to store the I / O operation . The ACID properties main- 55 object index , intent logs and the like as a result of storing the 
tained by the system 100 allows two nodes storing data first object and encapsulate the updates to these objects as a 
independent of each other to be consistent with one another . linked list of updates . The system 100 may determine 
FIG . 5 illustrates a method 500 according to an example changes at a byte level for the determined objects as a result 

of persisting an 1/0 operation by transcoding the I / O opera- of storing the first object . The system 100 may determine 
tion into a transaction including a linked list of changes 60 transactions such that the transactions maintain the ACID 
affected by storing the first object in persistent storage and properties of the object store and maintain consistency of the 
changing the DAG to accommodate the first object in the objects represented in the object store and the corresponding 
object store . The method 500 may then store the transaction transactions stored in the persistent store for the I / O opera 
according to a data structure determined based on the type tion as described above with reference to FIG . 1. The system 
of the persistent storage . The method 500 may be performed 65 100 may also store an immutable record in the object record 
by the system 100 shown in FIG . 1 or the system of nodes of the first object to indicate the order of transactions may be 
shown in FIG . 4. The method 500 may be performed by the important . The system 100 may persist the immutable record 
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to the persistent storage with a higher priority than persisting system 100 may determine whether the prior transaction 
transactions to maintain consistency between the DAG in affects the object record of the first object . For example , the 
the object storage and the transactions in the persistent system 100 may decode the first transaction to determine 
storage . whether the object record of the first object is changed by the 
At 510 , the system 100 may determine a persistent storage 5 prior transaction . 

for storing the transaction . In an example , the system 100 In an example , the system 100 may use an immutable may determine the available persistent storage . In an entry stored in the object index of the first object to deter example , the persistent storage available may depend on the mine whether a prior transaction affects an associated object available space on a persistent storage , the current utilization represented in the object store . of persistent storage for other operations and the like . At 608 , the system 100 may determine a sequence for At 512 , the system may determine a type of the persistent persisting the transaction and the prior transaction based on storage . In an example , the system 100 may include different a determination that the prior transaction affects the associ types of persistent storage such as Triple Level Cell ( TLC ) 
flash , Multi - Level Cell ( MLC ) flash , Single Level Cell ated object . In an example , the system 100 may determine 
( SLC ) flash , pseudo - Single Level Cell ( pSLC ) flash , mem- 15 based on an immutable entry to determine the prior trans 
ristor , SSD , Non - volatile memory such as NVRAM , and the action has to be persisted first . 
like . In an example , the system 100 may retrieve the At 610 , the system 100 may persist the transaction and the 
information from the firmware of the persistent storage . The prior transaction based on the determined sequence . For 
system 100 may use different data structures for different example , the system 100 may persist the prior transaction 
persistent storage types . For example , assume the persistent 20 first and then the transaction based on the determined 
storage is an SSD , the system 100 may use a journal data sequence . In another example , the system 100 may delay 
structure or log data structure and roll in one or more persisting the transaction when the immutable entry is 
transactions into a journal log and store the journal log with present . The system 100 may then persist the transaction 
the differences between the current data stored in the per- when the immutable entry is no longer present . 
sistent storage and the current data in the object store on the 25 In another example , the system 100 may persist the 
SSD 215 . transaction and the prior transaction concurrently when there 
At 514 , the system 100 may persist the transaction to the is no immutable entry . 

persistent storage according to the type of persistent storage . FIG . 7 illustrates a method 700 according to an example 
In examples , persisting the transaction may mean storing the for storing a transaction using a private function . The 
transaction or parts of the transaction at a physical location 30 method 700 may be performed by the system 100 shown in 
on a persistent storage . In other examples , committing the FIG . 1 or the system of nodes shown in FIG . 4. The method 
transaction to the persistent storage may mean storing the 700 may be performed by the processor 102 executing the 
updates in the linked list of updates on the persistent storage . machine - readable instructions stored on a non - transitory 
At 514 , the system 100 may persist the transaction to the computer - readable medium . 

persistent storage based on the type of persistent storage . For 35 At 704 , the system 100 may store one or more transac 
example , the system 100 may bundle multiple transactions tions in a buffer 212 as described above with reference to 
for storage on SSD and use a Journal log or log data structure FIG . 2 . 
as described above with reference to FIG . 2. Bundling of At 706 , the system 100 may determine a log with changes 
multiple transactions on SSDs may reduce the write ampli- between the one or more transaction in the buffer and a prior 
fication . For example , the system 100 may fit multiple 40 log stored in the persistent storage . For example , as 
transactions that fit within 4 KiB before committing or described above with reference to FIG . 2 the system 100 
persisting the transactions to the SSD . In another example , may determine a log that represents changes between the last 
the system 100 may directly commit the transactions for of the prior logs stored in the persistent storage shown as 0 , 
storage on NVRAM 315. In another example , for the n and the one or more transactions in the buffer . 
NVRAM 315 the system 100 may use a temporary staging 45 At 708 , the system 100 may persist the log to the 
area ( e.g. , buffer 212 internal to the NVRAM ) for the persistent storage . For example , as described above with 
transaction before updating a previously stored object in the reference to FIG . 2 , the system 100 may store the log in a 
NVRAM 315 with the updates for that object in the linked contiguous memory space in the case of an SSD 215. Thus , 
list of objects as described above with reference to FIG . 3 . the system 100 may use a private function optimized to the 
FIG . 6 illustrates a method 600 according to an example 50 type of the persistent storage 210 ( e.g. , SSD 215 ) 

for determining transaction sequence . The method 600 may In another example , the system 100 may store the trans 
be performed by the system 100 shown in FIG . 1 or the action in a temporary staging area ( e.g. buffer 212 internal 
system of nodes shown in FIG . 4. The method 600 may be to the NVRAM 315 ) as shown with reference to FIG . 3. In 
performed by the processor 102 executing the machine- an example , the temporary staging area may be a located on 
readable instructions stored on a non - transitory computer- 55 the persistent storage . For example , the temporary staging 
readable medium . area may be the NVRAM 315 , which may be bit address 

At 604 , the system 100 may decode the transaction to able . The system 100 may then determine changes between 
determine from the linked list of updates an update to an the linked list of updates and prior updates stored on the 
associated object represented in the object store . For persistent storage . For example , the system 100 may deter 
example , the private function provided by device drivers as 60 mine the changes between an update in the linked list of 
described above with reference to FIG . 1 may determine an updates and the updates stored in the regions 302 , 304 and 
update to an associated object represented in the object store . 306. The system 100 may then persist the determined change 
For example , the system 100 may determine an update to an directly to the persistent storage in the corresponding 
object record associated with the first object . regions . The system 100 may thus use a private driver 422 

At 606 , the system 100 may determine whether a prior 65 optimized to the NVRAM 315 . 
transaction affects the associated object . With reference to While embodiments of the present disclosure have been 
the example described in the previous instruction at 604 , the described with reference to examples , those skilled in the art 
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will be able to make various modifications to the described store the linked list of updates in a temporary staging area 
embodiments without departing from the scope of the in the one or more persistent storage ; 
claimed embodiments . determine changes between the linked list of updates and 
What is claimed is : a prior linked list of updates in the one or more 1. A non - transitory computer - readable medium compris- 5 persistent storage ; and 

ing instructions executable by a processor to : persist the determined changes in the one or more per receive an input / output ( I / O ) operation in an object store , sistent storage . 
the 1/0 operation including storing a first object ; 8. The non - transitory computer - readable medium of claim determine objects represented in the object store that are 1 , wherein the transaction comprises : affected by the storage of the first object ; an indivisible set of updates to the objects represented in transcode the I / O operation into a transaction utilizing a the object store to maintain Atomicity , Consistency , public function , the transaction including a linked list Isolation , Durability ( ACID ) properties in the object of updates to the determined objects resulting from the store . storing of the first object ; 

determine one or more persistent storage for storing the 15 9. The non - transitory computer - readable medium of claim 
transaction ; 1 , comprising instructions executable by a processor to : 

determine a type of each persistent storage ; and determine whether the transaction is called back before 
persist the transaction to each persistent storage utilizing the transaction is persisted on the determined one or 

a private function for the persistent storage , the trans- more persistent storage ; and 
action being persisted to each persistence storage 20 in response to a determination that the transaction is 
according to a data structure determined by the type of called back before the transaction is persisted , rollback 
the persistent storage . any updates to the one or more persistent storage . 

2. The non - transitory computer - readable medium of claim 10. The non - transitory computer - readable medium of 
1 , wherein the instructions to persist the transaction com- claim 1 , wherein the public function is applicable to a 
prise : 25 plurality of hardware platforms for persistent storage . 

decode the transaction to determine from the linked list of 11. The non - transitory computer - readable medium of 
updates an update to an associated object represented in claim 1 , wherein the one or more persistent storage include 
the object store ; a first persistent storage of a first type and a second persistent 

determine whether a prior transaction affects the associ storage of a second type , and wherein a first private function ated object ; is utilized for the first persistent storage and a second private based on a determination that the prior transaction affects function is utilized for the second persistent storage . the associated object , determine a sequence for persist 12. A method executed by a processor comprising : ing the transaction and the prior transaction ; and receiving an I / O operation in an object store , the I / O persist the transaction and the prior transaction based on 
the determined sequence . operation including storing a first object ; 

3. The non - transitory computer - readable medium of claim determining a linked list of updates to objects represented 
1 , wherein the instructions to persist the transaction com in the object store that are affected by the storage of the 
prise : first object ; 

decode the transaction to determine from the linked list of transcoding the I / O operation into a transaction utilizing 
updates an update to an associated object represented in 40 a public function , the transaction including the linked 
the object store ; list of updates ; 

determine whether a prior transaction affects the associ- determining one or more persistent storage for storing the 
ated object in the linked list of updates ; and transaction ; 

based on a determination that the prior transaction affects determining a type of each persistent storage ; and 
the associated object , delay persisting the transaction to 45 persisting the linked list of updates in the transaction to 
the one or more persistent storage until the prior each determined persistent storage utilizing a private 
transaction is persisted . function for the persistent storage , the transaction being 

4. The non - transitory computer - readable medium of claim persisted to each persistence storage according to the 
1 , wherein the instructions to persist the transaction com type of the persistent storage . prise : 13. The method of claim 12 , comprising : store a log of containing the transaction and a prior decoding the transaction to determine from the linked list transaction in a buffer , and of updates an update to an associated object represented persist the log to the one or more persistent storage . in the object store ; 5. The non - transitory computer - readable medium of claim determining whether a prior transaction affects the asso 4 , wherein the buffer is distinct from the one or more 55 ciated object ; persistent storage . 

6. The non - transitory computer - readable medium of claim based on a determination that the prior transaction affects 
1 , wherein the instructions to persist the transaction com the associated object , determining a sequence for per 
prise : sisting the transaction and the prior transaction , and 

determine a log that represents changes between the 60 persisting the transaction and the prior transaction based 
transaction and a prior transaction stored in the one or on the determined sequence . 
more persistent storage ; 14. The method of claim 12 , comprising : 

store the log in a buffer ; and decoding the transaction to determine from the linked list 
persist the log to the one or more persistent storage . of updates an update to an associated object represented 
7. The non - transitory computer - readable medium of claim 65 in the object store ; 

1 , wherein the instructions to persist the transaction com- determining whether a prior transaction affects the asso 
prise : ciated object ; and 
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based on a determination that the prior transaction affects persist the transaction to each persistent storage utilizing 
the associated object , delay persisting the transaction to a private function for the persistent storage , the trans 
the one or more persistent storage until the prior action being persisted to each persistence storage 
transaction is persisted . according to a data structure determined by the type of 

15. The method of claim 12 comprising : the persistent storage . 
store one or more transactions in a buffer ; 19. The system of claim 18 , wherein the instructions to 
determine a log that represents changes between the one persist the transaction comprise : 

or more transactions in the buffer and a prior log stored decode the transaction to determine from the linked list of 
in the one or more persistent storage ; and updates an update to an associated object represented in persist the log to the one or more persistent storage . the object store ; 16. The method of claim 12 comprising : determine whether a prior transaction affects the associ storing the linked list of updates in a temporary staging ated object ; and 
area ; 

determining changes between the linked list of updates based on a determination that the prior transaction affects 
the object in the linked list of updates , delay persisting and updates in the one or more persistent storage ; and 15 the transaction to the one or more persistent storage persisting the determined changes in the one or more until the prior transaction is persisted . persistent storage . 

17. The method of claim 12 comprising : 20. The system of claim 18 , wherein the instructions to 
decode the transaction to determine from the linked list of persist the transaction comprise : 

updates an update to an associated object represented in 20 decode the transaction to determine from the linked list of 
the object store ; updates an update to an associated object represented in 

determine whether a prior transaction affects the associ the object store ; 
ated object ; determine whether a prior transaction affects the associ 

based on a determination that the prior transaction affects ated object in the linked list of updates ; 
the associated object in the linked list of updates , 25 based on a determination that the prior transaction affects 
determine a sequence for persisting the transaction and the associated object , determine a sequence for persist 
the prior transaction ; and ing the transaction and the prior transaction , and 

persist the transaction and the prior transaction based on persist the transaction and the prior transaction based on the determined sequence . the determined sequence . 18. A system comprising : 21. The system of claim 18 , wherein the instructions to a plurality of network nodes , wherein each node com persist the transaction comprise : prises : 
store one or more transactions in a buffer ; a processor ; 

an object store to store updates , and determine a log that represents changes between the one 
a memory to store machine - readable instructions , wherein 35 or more transactions in the buffer and a prior log stored 

the processor is to execute the machine - readable in the one or more persistent storage ; and 
instructions to : persist the log to the one or more persistent storage . 
receive an I / O operation , the I / O operation including 22. The system of claim 18 , wherein the instructions to 

storing a first object in the object store ; persist the transaction comprise : 
determine a linked list of updates to objects in the 40 storing the linked list of updates in a temporary staging 

object store that are affected by the storage of the first area ; object ; determining changes between the linked list of updates transcode the 1/0 operation into a transaction utilizing and prior updates stored on the one or more persistent a public function , the transaction including the storage ; and linked list of updates ; 
determine one or more persistent storage for storing the persisting the determined changes in the one or more 

transaction ; persistent storage . 
determine a type of each persistent storage ; and 
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